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wherein the bending area is bent such that the pads are dis-
posed on the lower surface of the substrate.
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FLEXIBLE DISPLAY DEVICE AND METHOD
FOR MANUFACTURING THE SAME

This application claims the benefit of Korean Patent Appli-
cation No. 10-2013-0060169, filed on May 28, 2013, which s
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a flexible display device
and a method for manufacturing the same to reduce a width of
a peripheral edge area (i.e., bezel) of a display area.

2. Discussion of the Related Art

As part of the evolution of the information age, the field of
displays to visually display electric information signals is
rapidly growing. In response to this trend, a great deal of
research to increase performance such as slimness, weight
reduction and low power consumption of various flat display
devices continues.

Representative examples of flat display devices include
liquid crystal displays (LCDs), plasma display panels
(PDPs), field emission displays (FEDs), electro-luminescent
displays (ELDs), electrowetting displays (EWDs), organic
light emitting diode (OLEDs) displays and the like. These flat
display devices, in common, necessarily include a flat display
panel. The flat display panel has a structure in which a pair of
substrates is joined via an inherent luminous or polarizing
substance while facing each other.

Recently, flat display devices may be implemented into
flexible display devices using flexible substrates made of
flexible materials such as plastics to maintain display perfor-
mance while being bendable like paper.

Such a flexible display device may be more widely applied
than conventional display devices lacking flexibility, and
research and development into practical applications of flex-
ible display devices continues.

Meanwhile, in general, flat display devices including flex-
ible display devices include a display area to actually display
an image and a non-display area to enable connection to
various driving circuits or exterior circuits as a region other
than the display area.

In this regard, as a width of a peripheral edge region, that is,
abezel, ofthe display area, increases, the display area appears
to the observer to be smaller, and product values of display
devices, associated with aesthetics and usability are lowered.

Therefore, research and development associated with
reduction of width of the non-display area in order to reduce
bezel width are made. However, disadvantageously, there is a
limitation to reduction of width in the non-display area due to
areas corresponding to pads for connection to driving circuits
or exterior circuits disposed in the non-display area.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a flexible
display device and a method for manufacturing the same that
substantially obviate one or more problems due to limitations
and disadvantages of the related art.

An object of the present invention is to provide a flexible
display device including a bezel having a width narrower than
a non-display area using flexibility of flexible substrates and
a method for manufacturing the same.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, provided is a flexible display device
including a substrate defined by a display area and a non-
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display area being an outer region of the display area and
including a link area and a pad area, the substrate being
formed of a flexible material, a plurality of gate lines and a
plurality of data lines formed in the display area on the sub-
strate, such that the gate lines and the data lines cross each
other to define a plurality of pixel areas in the display area, a
plurality of pads formed in the pad area, each pad being
connected to an exterior circuit to supply a driving signal to a
signal line selected from the gate line and the data line, a
plurality of links formed in the link area, the links connecting
the respective pads and the signal lines, a plurality of insula-
tion films formed over the entire surface of the substrate, the
insulation films insulating conductive layers from one
another, and a first bending hole formed in a bending area of
the non-display area, the first bending hole passing through at
least one of the insulation films disposed under the link,
wherein the bending area is bent such that the pads are dis-
posed on the lower surface of the substrate.

In accordance with another aspect of the present invention,
provided is a method for manufacturing a flexible display
device including forming a substrate defined by a display area
and a non-display area being an outer region of the display
area and including a link area and a pad area, using a flexible
material, forming a buffer film over the entire surface of the
substrate, forming a gate insulation film over the entire sur-
face of the buffer film, forming gate lines in the display area
on the gate insulation film, forming an interlayer insulation
film over the entire surface of the gate insulation film such that
the interlayer insulation film covers the gate lines, forming a
first bending hole passing through at least the gate insulation
film and the interlayer insulation film in a bending area,
wherein the bending area bends such that the pad area of the
non-display area is disposed on the lower surface of the
substrate, forming data lines and a plurality of links, wherein
the data lines formed in the display area on the interlayer
insulation film such that the data lines cross the gate lines, and
wherein the plurality of links are connected to signal lines
selected from the gate lines and the data lines in the linking
area on the interlayer insulation film, forming a protective
film over the entire surface of the interlayer insulation film
such that the protective film covers the data lines and the links,
forming a plurality of pads connected to the links and con-
nected to an exterior circuit to supply a driving signal to the
signal line on the protective film, and bending the bending
area such that the pads are disposed on the lower surface of the
substrate.

The flexible display device according to the embodiments
of'the present invention can reduce a width of a bezel without
reducing a width of the non-display area, since the plurality of
pads are disposed on the lower surface of the substrate by
bending the bending area. Accordingly, the display devices
have improved product values associated with aesthetics and
usability.

The flexible display device includes the first bending hole,
thus enabling removal of parts of each the buffer film, the gate
insulation film and the interlayer insulation film which cor-
respond to the bending area. As a result, it is possible to
prevent problems such as application of relatively greater
bending stress to the buffer film, the gate insulation film and
the interlayer insulation film than bending stress to the sub-
strate, when the bending area is bent, generation of cracks and
thus breakage (disconnection) of links (wiring). As a result, it
is possible to improve reliability and yield of the display
device.

In addition, the flexible display device further includes an
anti-etching layer between the substrate and the buffer film in
apart of the non-display area, that is, in a region including the
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first bending hole, thus preventing the substrate from being
etched by an etching process to form the firstbending hole. As
aresult, it is possible to prevent permeation of foreign matter
causing defects and thereby improve reliability and yield of
the display device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view illustrating a flexible display device
according to the first embodiment of the present invention;

FIG. 2 is a sectional view illustrating a pixel area according
to the first embodiment of the present invention;

FIG. 3 is a sectional view illustrating a state in which a
bending area of a substrate is bent in the flexible display
device of FIG. 1,

FIG. 4 is a plan view illustrating a part I of FIG. 1;

FIG. 5 is a sectional view illustrating a part II-II' of FIG. 4;

FIG. 6 is a sectional view illustrating a part III-III' of FIG.
4;

FIG.7is aplan view illustrating a part | of FIG. 1 according
to the second embodiment of the present invention in more
detail,

FIG. 8 is a sectional view illustrating a part IV-IV' of FIG.
7,

FIG. 9 is a sectional view illustrating a part II-II' of FIG. 4
according to the third embodiment of the present invention;

FIG. 10 is a plan view illustrating the part I of FIG. 1
according to the fourth embodiment of the present invention
in more detail;

FIG. 11 is a sectional view illustrating a part V-V' of FIG.
10;

FIG. 12 is a flowchart illustrating a method for manufac-
turing the flexible display device according to the first
embodiment of the present invention;

FIG. 13 is a flowchart illustrating formation of a cell array,
links and pads;

FIGS.14A t014C,15A t0 15G, and 16 A and 16B are views
illustrating a method for manufacturing the flexible display
device described in FIGS. 12 and 13;

FIG. 17 is a flowchart illustrating a method for manufac-
turing the flexible display device according to the second
embodiment of the present invention;

FIG. 18 is a flowchart illustrating a method for manufac-
turing the flexible display device according to the third
embodiment of the present invention; and

FIG. 19 is a view illustrating a process for forming a pre-
bending hole in FIG. 18.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a flexible display device and a method for
manufacturing the same according to the present invention
will be described in detail with reference to the annexed
drawings.

First, a flexible display device according to a first embodi-
ment of the present invention will be described with reference
to FIGS. 110 6.

FIG. 1 is a plan view illustrating a flexible display device
according to the first embodiment of the present invention.
FIG. 2 is a sectional view illustrating a pixel area according to
the first embodiment of the present invention. FIG. 3 is a
sectional view illustrating a state in which a bending areaof a
substrate is bent in the flexible display device of FIG. 1. FIG.
4 is a plan view illustrating a part I of FIG. 1. FIG. 5 is a
sectional view illustrating a part II-II' of FIG. 4. FIG. 6 is a
sectional view illustrating a part III-III' of FIG. 4.
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As shown in FIG. 1, the flexible display device 100 accord-
ing to the first embodiment of the present invention includes:
asubstrate 101; a plurality of gate lines GLs and a plurality of
data lines DLs; a plurality of pads PD; a plurality of links LK;
and insulation films 102, 103, 104 and 105 (not shown in FIG.
1, but shown in below-described FIG. 2).

The substrate 101 is formed of a flexible material. The
substrate 101 is defined by a display area AA and a non-
display area NA which is an outer region of the display area
AA. The non-display area NA includes a link area LKA and
a pad area PDA. The plurality of gate lines GLs and the
plurality of data lines DLs are formed in the display area AA
on the substrate 101, such that the gate lines GLs and the data
lines DLs independently cross each other to define a plurality
of'pixel areas PA in the display area AA. The plurality of pads
PD is formed in the pad area PDA. The plurality of pads PD
is connected to exterior circuits to supply a driving signal to a
signal line selected from the gate line GL and the dataline DL.
The plurality of links LK is formed in the link area LKA. The
plurality of links LK connects the pads PD and the signal lines
selected from GLs and DLs. The insulation films 102, 103,
104 and 105 are formed over the entire surface of the sub-
strate. The insulation films 102, 103, 104 and 105 insulate
conductive layers from one another.

The display device 100 further includes a plurality of thin
film transistors TFTs; and a light emitting array. The plurality
of thin film transistors TFTs are formed at the intersections
between the gate lines GLs and the data lines DLs corre-
sponding to the respective pixel areas PA. The light emitting
array includes a plurality of light emitting elements EL
formed in the respective pixel areas PA.

For example, as shown in FIG. 2, the flexible display device
100 includes the substrate 101 formed of a flexible material,
a buffer film 102 formed over the entire surface of the sub-
strate 101, and a plurality of TFTs and a plurality of light
emitting elements ELs formed in the display area on the
buffer film 102.

The substrate 101 is formed of a plastic or a metal as a
flexible material. In case that the substrate 101 is formed of a
plastic, a plastic having high heat resistance is selected while
taking into consideration the fact that the substrate 101 is
exposed to a high temperature atmosphere during deposition
and etching processes of various films.

For example, the substrate 101 may be formed ofa polymer
plastic material such as polyimide (PI), polyethersulfone
(PES), polyacrylate (PAR), polyetherimide (PEI), polyethyl-
ene naphthalate (PET), and polyethylene terephthalate
(PET). Alternatively, the substrate 101 may be formed of a
metal such as aluminum or copper.

The bufter film 102 prevents deterioration factors such as
moisture or oxygen from permeating into the light emitting
element EL through the substrate 101. The buffer film 102 has
a laminate structure of two or more insulation films wherein
the insulation films are different in terms of at least one of
thickness, component and compositional ratio. For example,
the buffer film 102 may be formed of SiN, or SiO,.

Each thin film transistor TFT includes: an active layer 111;
a gate insulation film 103; a gate electrode 113; an interlayer
insulation film 104; a source (or drain) electrode 114q; adrain
(or source) electrode 1145; and a protective film 105.

The active layer 111 is formed in a part of each pixel area
PA on the buffer film 102. The active layer 111 forms a
channel based on a gate voltage of the gate electrode. The
active layer 111 includes a channel area 1114, a source region
1114, and drain region 111¢. The channel area 111a overlaps
at least a part of the gate electrode 113 on the gate insulation
film 103 to form a channel according to a voltage level of the
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gate electrode 113. The source region 1115 and the drain
region 111¢ are disposed at both sides of the channel area
111a.

The gate insulation film 103 is formed over the entire
surface of the bufter film 102 such that the gate insulation film
103 covers the active layer 111. The gate electrode 113 is
formed on the gate insulation film 103 such that at least a part
of'the gate electrode 113 overlaps the channel area 1114 of the
active layer 111. The gate electrode 113 is connected with the
data line DL. The interlayer insulation film 104 is formed on
the gate insulation film 103 such that the interlayer insulation
film 104 covers the gate electrode 113.

The source electrode 114a is formed on the interlayer
insulation film 104 such that the source electrode 1144 over-
laps the source region 1115. The source electrode 114aq is
connected to the data line DL. In addition, the source elec-
trode 114a is also connected to a source region 1115 through
a source hole SH which passes through the gate insulation
film 103 and the interlayer insulation film 104 to expose at
least a part of the source region 1114.

Similarly, the drain electrode 1145 is formed on the inter-
layer insulation film 104 such that the drain electrode 1145
overlaps the drain region 111¢. The drain electrode 1145 is
connected to the light emitting element EL in each pixel area
PA. In addition, the drain electrode 1145 is also connected to
a drain region 111¢ through a drain hole DH which passes
through the gate insulation film 103 and the interlayer insu-
lation film 104 to expose at least a part of the drain region
111c.

The protective film 105 is formed on the interlayer insula-
tion film 104 such that the protective film 105 covers the
source electrode 114a and the drain electrode 1145. Further-
more, although not illustrated in FIG. 2, the gate line (GL of
FIG. 1) is formed together with the gate electrode 113 on the
gate insulation film 103.

In addition, the data line (DL of FIG. 1, not shown in FIG.
2) is formed on the interlayer insulation film 104 together
with the source electrode 1144 and the drain electrode 1145.

Each light emitting element (EL ) includes: a first electrode
121; a bank 122; a light emitting layer 123; and a second
electrode 124. The first electrode 121 is formed in each pixel
area PA on the protective film 105. The bank 122 is formed on
aperiphery of each pixel area PA on the protective film 105 to
overlap at least a part of the edge of the first electrode 121. The
light emitting layer 123 is formed on the first electrode 121.
The second electrode 124 is formed on the entire surfaces of
the light emitting layer 123 and the bank 122 such that the
second electrode 124 faces the first electrode 121 via the light
emitting layer 123.

The first electrode 121 is connected to the drain electrode
1144 through a contact hole CH that passes through the pro-
tective film 105 to expose at least a part of the drain electrode
1145.

The light emitting layer 123 between the first electrode 121
and the second electrode 124 emits light based on current
applied from the thin film transistor TFT.

The flexible display device 100 further includes a sealing
layer 130. The sealing layer 130 faces the substrate 101 via
the light emitting array including the light emitting elements
ELs in the display area AA. The sealing layer 130 seals the
light emitting array. The sealing layer 130 prevents perme-
ation of deterioration factors such as oxygen or moisture into
the light emitting elements EL.

Description will be given with reference to FIG. 1 again.

Although not described in detail in FIG. 1, in general, an
upper surface of the substrate 101 has a rectangular shape
having four sides. When the display area AA is disposed in the
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center of the upper surface of the substrate 101, the non-
display area NA includes four side areas parallel to one
another at different sides of the substrate 101. However, this
disposition is provided only as an example, and it is clear that
the non-display area NA may include one or more side areas
according to the shape of the substrate 101, shape of the
display area AA and position of the display area AA in the
substrate 101.

As shown in FIG. 1, a side area (NA1, corresponding to a
right side of the outer region of the display area AA in FIG. 1)
of'the non-display area NA includes a pad area PDA provided
with pads PD, and a link area LKA which is interposed
between the pad area PDA and the display area AA and is
provided with a plurality of links LK. In addition, a portion of
the side area NA1 parallel to one side of the substrate 101
corresponds to a bending area which is bent such that the pad
PD is disposed on the lower surface of the substrate 101.

In FIG. 1, among the non-display area NA, only the right
side area NA1, where the pad PD corresponding to the gate
line GL is disposed, includes the bending area BA. However,
this disposition is provided as an example and each side area
of'the non-display area NA includes a bending area BA. That
is, among the non-display area NA, a side area (correspond-
ing to the non-display area NA disposed in an upper side of
display area AA in FIG. 1), where the pad PD corresponding
to the data line DL is disposed, also includes a bending area
BA such that the pad PD connected to the data line DL is
disposed on the lower surface of the substrate 101.

Here, at least a part of the link area LKA becomes the
bending area BA, therefore a part of each link LK is disposed
onthe bending area BA. InFIG. 1, a part of the link area LKA
is the bending area BA. This configuration is provided only as
an example and the bending area BA may be wider than the
link area LKA.

Specifically, as shown in FIG. 3, the bending area BA ofthe
substrate 101 is bent to enable the pad of the pad area PDA
(PD of FIG. 1) to be disposed on the lower surface of the
substrate 101.

An insulating material, in particular, an inorganic insulat-
ing material may be used to form at least one of the buffer film
102, the gate insulation film 103 and the interlayer insulation
film 104. They are in general harder than the flexible material
which is used to form the substrate 101. Therefore, when the
substrate 101 bends in the bending area BA on condition that
the insulating material is disposed in the bending area BA,
bending stress is applied to the insulating material. For this
reason, cracks may develop in the insulating material. The
cracks ofthe insulating material also have an effect on the link
LK, thus disadvantageously causing defects such as breakage
(disconnection) of the link LK.

In order to prevent breakage (disconnection) defects
caused by bending stress, the amount of the insulating mate-
rial disposed in the bending area BA should be minimized.

Thus, the flexible display device according to the first
embodiment of the present invention further includes a first
bending hole disposed in the bending area BA.

As shown in FIGS. 4 and 5, the flexible display device 100
further includes: an anti-etching layer 106; and a first bending
hole BH1. The anti-etching layer 106 forms in at least one
side area NA1 of the non-display area NA on the substrate
101. The first bending hole BH1 is formed in the bending area
BA, wherein the first bending hole BH1 passes through at
least one insulation film disposed under the link LK among a
plurality of insulation films including a buffer film 102, a gate
insulation film 103, an interlayer insulation film 104 and a
protective film 105.
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The first bending hole BH1 is formed to expose at least a
part of the anti-etching layer 106. Each link LK disposed on
the interlayer insulation film 104 directly contacts at least a
part of the anti-etching layer 106 exposed through the first
bending hole BHI.

The anti-etching layer 106 functions to prevent exposure of
the substrate 101 during etching of the buffer film 102, the
gate insulation film 103 and the interlayer insulation film 104
to form the first bending hole BH1.

That is, when the buffer film 102, the gate insulation film
103 and the interlayer insulation film 104 are inorganic insu-
lating materials, dry etching is generally used to form the first
bending hole BH1 passing through the buffer film 102, the
gate insulation film 103 and the interlayer insulation film 104.
In this case, when the substrate 101 is a plastic material, the
first bending hole BH1 is formed under over-etching condi-
tions and is then exposed to dry etching. For this reason, the
substrate 101 is also etched, thus causing generation of for-
eign matter. This foreign matter causes defects, such as break-
age (disconnection) or short circuit, and damage to the light
emitting layer (123 of FIG. 2), thus deteriorating reliability
and yield of the flexible display device 100.

Thus, according to the first embodiment of the present
invention, the flexible display device 100 includes the anti-
etching layer 106 as an etch stopper to prevent exposure of the
substrate 101 during etching process for formation of the first
bending hole BH1, and the anti-etching layer 106 is disposed
between the substrate 101 and a plurality of insulating layers
102, 103, 104 and 105 in the side area NA1 including the
bending area BA where the first bending hole BH1 is to be
formed.

As aresult, the anti-etching layer 106 prevents the substrate
101 from being etched together with the buffer film 102, the
gate insulation film 103 and the interlayer insulation film 104
during formation of the first bending hole BH1. For this
reason, introduction of foreign matter is prevented, and reli-
ability and yield of the flexible display device 100 are thus
improved.

Such an anti-etching layer 106 may be formed to corre-
spond to only the side area NA1 including the bending area
BA, or to correspond to the entire region of the non-display
area NA, regardless of presence of the bending area BA.

In addition, like the source electrode (114a of FIG. 2) and
the drain electrode (1145 of FIG. 2), links LK are formed on
the interlayer insulation film 104.

As described above, the gate line GL is formed on the gate
insulation film 103 together with the gate electrode (113 of
FIG. 2). The link LK corresponding to the gate line GL is
connected to the gate line GL through the link hole LKH
which passes through the interlayer insulation film 104 to
expose at least a part of the gate line GL.

In addition, the data line (DL of FIG. 1) is formed on the
interlayer insulation film 104. In this case, an additional con-
tact hole to connect the data line DL to the link LK is unnec-
essary. That is, the link LK corresponding to the data line DL
may extend from the data line DL.

The protective film 105 is formed over the entire surface of
the interlayer insulation film 104 such that the protective film
105 covers the source electrode 1144 and the drain electrode
1145, the first bending hole BH1 and the links LK.

The pads PD are formed on the protective film 105 and are
connected to the respective links LK through the pad holes
PDHs which passes through the protective film 105 to expose
at least a part of the link LK.

Meanwhile, at least a part of the anti-etching layer 106 is
bent together with the bending area BA of the substrate 101,
therefore a material for the anti-etching layer 106 is softer
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than the inorganic insulating material selected as a material
for the buffer film 102, the gate insulation film 103 and the
interlayer insulation film 104. In addition, upon formation of
the first bending hole BH1, so as to minimize etching of the
anti-etching layer 106 together with the gate insulation film
103 and the interlayer insulation film 104, the material for the
anti-etching layer 106 preferably has an etch ratio lower than
the gate insulation film 103 and the interlayer insulation film
104.

The material for the anti-etching layer 106 satistying these
conditions may be an insulating material such as amorphous
silicon (a-Si). Alternatively, the material may be a conductive
metal material such as ITO, Mo or Ti, which is advantageous
in terms of process cost, easiness and universality.

Furthermore, the links LK contact at least a part of the
anti-etching layer 106 exposed through the first bending hole
BHI1. For this reason, the links LK are disadvantageously
short-circuited through the anti-etching layer 106, when the
anti-etching layer 106 is formed of a conductive material and
is provided as a single pattern.

As shown in FIGS. 4 and 6, the anti-etching layer 106
includes a plurality of anti-etching patterns 106a and 1065
corresponding to the respective links LK. Here, the anti-
etching patterns 106a and 1065 are provided as independent
patterns that are not connected to each other to prevent the
links LK from being connected to one another by the anti-
etching layer 106.

When the anti-etching layer 106 is provided as the anti-
etching patterns 106a and 1065, the first bending hole BH1
may include a plurality of first bending holes such that the first
bending holes expose at least a part of each of the anti-etching
patterns 106a and 1065. That is, the flexible display device
100 includes the plurality of the first bending holes BH1
corresponding to the plurality of the anti-etching patterns
1064 and 1065.

The links LK are formed such that the links LK one-on-one
contact the anti-etching patterns 106a and 1065 at least a part
of each of which is exposed through the first bending holes
BHI1. As aresult, it is possible to prevent short circuit between
the links LK caused by the anti-etching layer 106.

As described above, the flexible display device 100 accord-
ing to the first embodiment of the present invention includes
a first bending hole BH1. The first bending hole is formed by
removing the buffer film 102, the gate insulation film 103 and
the interlayer insulation film 104 to expose the anti-etching
layer 106 in the bending area BA. As a result, it is possible to
prevent breakage (disconnection) defects of the link LK
caused by diffusion of cracks which may develop in the
inorganic insulating material due to application of bending
stress, wherein the inorganic insulating material is used to
form the buffer film 102, the gate insulation film 103 and the
interlayer insulation film 104.

The flexible display device 100 further includes the anti-
etching layer 106. The anti-etching layer 106 is disposed
between the substrate 101 and the buffer film 102 in a region
where the first bending hole BH1 is formed and the neighbor-
ing region thereof. Materials used for the anti-etching layer
106 may have lower etching rates than materials used for the
buffer film 102, the gate insulation film 103 and the interlayer
insulation film 104. Consequently, the anti-etching layer 106
enables to prevent etching of the substrate 101, in a case in
which etching for formation of the first bending hole BH1 is
continuously performed under over-etching conditions even
after removal of the buffer film 102, the gate insulation film
103 and the interlayer insulation film 104. As a result, it is
possible to prevent generation of foreign matter caused by
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unsuitable etching of the substrate 101, thus preventing
defects caused by the foreign matter and improving reliability
and yield.

Next, the flexible display device according to the second
embodiment of the present invention will be described with
reference to FIGS. 7 and 8.

FIG. 7 is a plan view illustrating the part I of FIG. 1
according to the second embodiment of the present invention
in more detail. FIG. 8 is a sectional view illustrating the part
IV-IV' of FIG. 7.

As shown in FIGS. 7 and 8, the flexible display device
according to the second embodiment further includes at least
one second bending hole BH2. The second bending hole BH2
is formed in the periphery of the link LK in each first bending
hole BH1. The other portions are the same as the flexible
display device of the first embodiment shown in FIGS. 1 t0 6.
An overlapping description thereof is thus omitted below.

Each second bending hole BH2 shown in FIGS. 7 and 8 is
used for removal of bending stress factors, that is, the protec-
tive film 105 and the anti-etching layer 106 left in the periph-
ery of the link LK in the first bending hole BH1. In other
words, each second bending hole BH2 passes through the
protective film 106 and the anti-etching layer 106 in the
periphery of the link LK in the first bending hole BH1 to
expose a part of the substrate 101.

As a result, when the protective film 105 and the anti-
etching layer 106 are removed by formation of the second
bending hole BH2 in a portion of the bending area BA,
excluding the periphery of'the link LK, bending stress factors
are further reduced and defects caused by bending stress can
thus be further prevented.

Next, the third embodiment of the present invention will be
described with reference to FIG. 9.

FIG. 9 is a sectional view illustrating the part II-IP of FIG.
4 according to the third embodiment of the present invention.

As shownin FIG. 9, the flexible display device according to
the third embodiment further includes a pre-bending hole
pre_BH1. The pre-bending hole pre_BH1 is formed after
formation of the buffer film 102 and before formation of the
active layer 111 to correspond to the bending area BA and to
pass through the buffer film 102 in a width greater than the
firstbending hole BH1. The other portions are the same as that
of the first or second embodiment. An overlapping descrip-
tion thereof is thus omitted below.

Forming the pre-bending hole pre_BH1 shown in FIG. 9
results in removing the buffer film 102 in the bending area
prior to the formation of the first bending hole BH1. Accord-
ingly, it is not necessary to remove the buffer film 102 any-
more in forming the first bending hole BH1, but to remove
only the gate insulation film 103 and the interlayer insulation
film 104. Meanwhile, the source hole SH and the drain hole
DH pass through the gate insulation film 103 and the inter-
layer insulation film 104, like the first bending hole BH1 of
the present embodiment. Damage to the active layer 111
exposed due to the formation of the source hole SH and the
drain hole DH caused by over-etching during the formation of
the first bending hole BH1 can thus be minimized.

Next, the flexible display device according to the fourth
embodiment of the present invention will be described with
reference to FIGS. 10 and 11.

FIG. 10 is a plan view illustrating the part I of FIG. 1
according to the fourth embodiment of the present invention
in more detail. FIG. 11 is a sectional view illustrating the part
V-V' of FIG. 10.

As shown in FIGS. 10 and 11, the flexible display device of
the fourth embodiment is configured to form the first bending
hole BH1 and the anti-etching layer 106 further in the pad
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area PDA as well as the bending area BA. The other portions
are the same as those of the first to third embodiments. An
overlapping description thereof is thus omitted below.

Next, a method for manufacturing the flexible display
device according to the first embodiment of the present inven-
tion will be described with reference to FIGS. 12, 13, 14A to
14C, 15A to 15G, and 16A and 16B.

FIG. 12 is a flowchart illustrating a method for manufac-
turing the flexible display device according to the first
embodiment of the present invention. As shown in FIG. 12,
the method for manufacturing the flexible display device
according to the first embodiment includes: preparing, at step
S110, a substrate 101 formed of a flexible material and
including a display area AA and a non-display area NA1
which is an outer region of the display area AA and includes
a link area LKA and a pad area PDA; forming, at step S120,
an anti-etching layer 106 in at least a part of the non-display
area NA1 on the substrate 101; forming, at step S130, a buffer
film 102 over the entire surface of the substrate 101.

The method further includes: forming, at step S140, (1)
gate lines GL and data lines DL on the buffer film 102 in the
display area AA; (2) a plurality of insulation films on the
entire surface of the buffer film 102; (3) a first bending hole
BH1 in the bending area BA of the non-display area NA1; (4)
a plurality of pads PD in the pad area PDA of the nondisplay
area NA1; and (5) a plurality of links LK in the link area of the
non-display area NA1,

At the above step S140, the first bending hole is configured
to passes through at least one of a plurality of insulation films
in the bending area of the non-display area. The bending area
is configured to be bent such that the pad area is disposed on
the lower surface of the substrate. The plurality of pads is
configured to be connected to an exterior circuit to supply a
driving signal to any one signal line of the gate line and the
data line. The plurality of links is configured to connect
respective pads with the signal lines.

The method further includes: forming, at step S150, a light
emitting array including a plurality of light emitting elements
EL in respective pixel areas PA; forming, at step S160, a
sealing layer 130 in the display area AA. The sealing layer
130 seals the light emitting elements EL such that the sealing
layer 130 faces the substrate 101 via the light emitting ele-
ments EL; and bending, at step S170, a bending area BA such
that the pads PD are disposed on the lower surface of the
substrate 101.

FIG. 13 is a flowchart illustrating formation of a cell array,
links and pads, as shown in FIG. 13, formation of the gate
lines GL and the data lines DL, the insulation films, the first
bending hole BH1, the pads PD and the links [.K executed at
step S140 includes: (1) forming, at step S141, an active layer
111 in a part of each pixel area PA on the buffer film 102; (2)
forming, at step S142, a gate insulation film 103 over the
entire surface of the buffer film 102; (3) forming, at step S143,
gate lines GL and gate electrodes 113 connected thereto on
the gate insulation film 103; (4) forming, at step S144, an
interlayer insulation film 104 over the entire surface of the
gate insulation film 103; (5) forming, at step S145, a source
hole SH, a drain hole DH, a link hole LKH and the first
bending hole BH1, wherein each of the source hole, the drain
hole and the link hole passes through the interlayer insulation
film 104 and the gate insulation film 103, and wherein the first
bending hole BH1 passes through the interlayer insulation
film 104, the gate insulation film 103 and the buffer film 102;
(6) forming, at step S146, the data lines DL, the source elec-
trode 114a, the drain electrode 1145 and the links LK on the
interlayer insulation film 104; (7) forming, at step S147, a
protective film 105 over the entire surface of the interlayer
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insulation film 104; (8) forming, at step S148, a pad hole PDH
passing through the protective film 105; and (9) forming at
step S149, the pads PD on the protective film 105.

FIG. 14A illustrates a first process of a method for manu-
facturing the flexible display device. As shown in FIG. 14A,
a substrate 101 formed of a flexible material is prepared
(S110). For this purpose, a sacrificial substrate (not shown)
may be used.

FIG. 14B illustrates a second process of a method for
manufacturing the flexible display device. As shown in FIG.
14B, an anti-etching layer 106 is formed in at least a part of
the non-display area NA including the bending area BA onthe
substrate 101 (5120).

The anti-etching layer 106 may be formed in the entirety of
the non-display area NA, or only in at least one of selected
side area of the non-display area NA, including the later-
formed first bending hole (BH1 of FIGS. 4 to 6).

The anti-etching layer 106 includes the bending area BA
and is thus bent together with the substrate 101. Although the
etching process to form the first bending hole BH1 is per-
formed under over-etching conditions, it is necessary to pre-
vent exposure of the substrate during etching and generation
of foreign matter caused by the anti-etching layer 106.
Accordingly, a material for the anti-etching layer 106 may be
selected from materials having a higher softness (in other
words, lower hardness) and a lower etch ratio than each of
inorganic insulating materials for at least one of the later-
formed buffer film 102, gate insulation film 103 and interlayer
insulation film 104.

For example, a material for the anti-etching layer 106 is
selected from ITO, Mo, Ti and a-Si which are advantageous in
terms of process cost, easiness and universality.

Furthermore, because the plurality of links (LK of FIGS. 1
and 5) connected to the anti-etching layer 106 through the first
bending hole BH1, in a case in which the anti-etching layer
106 is formed of a conductive material, the links LK may be
short-circuited through the anti-etching layer 106. To prevent
this, the anti-etching layer 106 is provided as a plurality of
anti-etching patterns (1064 and 1065 of FIGS. 4, 6-8 and 10)
that correspond to a plurality of links LK and are separated
from one another.

FIG. 14C illustrates a third process of a method for manu-
facturing the flexible display device. As shown in FIG. 14C, a
buffer film 102 is formed over the entire surface of the sub-
strate 101 (S130).

FIG. 15A illustrates a fourth process of a method for manu-
facturing the flexible display device. As shown in FIG. 15A,
the active layer 111 is formed on the buffer film 102 (S141),
and a gate insulation film 103 covering the active layer 111 is
formed over the entire surface of the buffer film 102 (S142).
The active layer 111 includes a channel area 111a, and a
source region 1115 and a drain region 111c¢ disposed at both
sides of the channel area 111a.

Then, a gate electrode 113 overlapping at least a part of a
channel area of the active layer 111 and gate lines (not shown,
but corresponding to GL of FIGS. 1 and 5) electrically con-
nected to the gate electrode 113 are formed on the gate insu-
lation film 103 (S143). Next, the interlayer insulation film 104
covering the gate electrode 113 and the gate lines GL is
formed over the entire surface of the gate insulation film 103
(S144).

FIGS. 15B and 15C illustrate fifth and sixth processes of a
method for manufacturing the flexible display device. As
shown in FIG. 15B, the interlayer insulation film 104 and the
gate insulation film 103 are selectively patterned to form a
source hole SH, a drain hole DH. Similarly, as shown in FIG.
15C, the interlayer insulation film 104, the gate insulation
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film 103 and the buffer film 102 are selectively patterned to
form a source hole SH, a drain hole DH, a link hole LKH and
a first bending hole BH1 (S145).

The source hole SH passes through the interlayer insula-
tion film 104 and the gate insulation film 103 to expose at least
a part of the source region 1114.

The drain hole DH passes through the interlayer insulation
film 104 and the gate insulation film 103 to expose at least a
part of the drain region 111c.

The link hole LKH functions as a contact hole to connect
the gate line GL and the links LK disposed in a layer different
from the gate line GL and passes through the interlayer insu-
lation film 104 and the gate insulation film 103 to expose at
least a part of the gate line GL.

The first bending hole BH1 functions to prevent generation
of cracks caused by application of greater bending stress to
the buffer film 102, the gate insulation film 103 and the
interlayer insulation film 104, as compared to stress applied to
the substrate 101, when the bending area BA is bent. The first
bending hole BH1 passes through the buffer film 102, the gate
insulation film 103 and the interlayer insulation film 104, and
exposes at least a part of the anti-etching layer 106 in the
bending area BA.

FIGS. 15B and 15C illustrate seventh and eighth processes
of'a method for manufacturing the flexible display device. As
shown in FIGS. 15D and 15E, the source electrode 114a, the
drain electrode 1145, the data line (DL of FIG. 1), and the
links LK are formed on the interlayer insulation film 104. The
data line DL is connected to one of the source electrode and
the drain electrode. Each of the links LK is connected to one
of the gate lines GL and the data lines DL. The links LK are
formed to be extended to the pad area PDA.

The source electrode 114a is connected to the source
region 1115 of the active layer 111 through the source hole
SH, and the drain electrode 1145 is connected to the drain
region 111c ofthe active layer 111 through the drain hole DH.

Some links LK corresponding to the gate lines GL are
connected to the gate line GL through the link hole L.KH, and
other links LK corresponding to the data lines DL are config-
ured to be extended from the data line DL.

In addition, the links LK directly contact the anti-etching
layer 106 through the first bending hole BH1 in the bending
area BA.

When the anti-etching layer 106 is a conductive material,
the links LK contact a plurality of anti-etching patterns (cor-
responding to 1064 and 1065 of FIG. 3) one-on-one through
the first bending holes BH1.

FIG. 15F illustrates a ninth process of a method for manu-
facturing the flexible display device. As shown in FIG. 15F, a
protective film 105 covering the source electrode 114a, the
drain electrode 1145, data lines DL, links LK and the first
bending hole BH1 is formed over the entire surface of the
interlayer insulation film 104 (S147).

FIG. 15G illustrates a tenth process of a method for manu-
facturing the flexible display device. As shown in FIG. 15G,
a pad hole PDH passing through the protective film 105 to
expose at least a part of the link LK is formed in at least a part
of the pad area PDA (S148) and a plurality of pads PD
connected to a plurality of links LK one-on-one are formed on
the protective film 105 (S149).

FIG. 16A illustrates an eleventh process of a method for
manufacturing the flexible display device. As shown in FIG.
16A, a plurality of light emitting elements ELs is formed on
the protective film 105. Each of the plurality of light emitting
elements ELs includes a first electrode 121, a bank 122, a light
emitting layer 123 and a second electrode 124. The plurality
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of light emitting elements is configured to form a light emit-
ting array corresponding to the display area (S150).

FIG. 16B illustrates a twelfth process of a method for
manufacturing the flexible display device. As shown in FIG.
16B, a sealing layer 130 is formed in the display area AA to
face the substrate 101 via the light emitting element EL.. The
sealing layer is formed to seal the light emitting element EL.
(S160).

Although not illustrated, a method for the flexible display
device according to the fourth embodiment of the present
invention (corresponding to FIGS. 10 and 11) is the same as
in FIG. 14B, except that, during formation of the anti-etching
layer 106 (S120), the anti-etching layer 106 is further formed
in the pad area PDA as well as the bending area BA. In
addition, the method for manufacturing the flexible display
device according to the fourth embodiment is the same as in
FIG. 15C, except that, during formation of the source hole
SH, the drain hole DH, the link hole LKH and the first bend-
ing hole BH1 (S145), the first bending hole BH1 is further
formed in the pad area PDA as well as in the bending area BA
and an overlapping description thereof is thus omitted below.

As shown in FIG. 3, the bending area BA is bent and the
pads PD are disposed on the lower surface of the substrate 101
(S170).

Meanwhile, although not illustrated in FIG. 12, FIGS. 14A
to 14C, FIGS. 15A to 15G, and FIGS. 16A and 16B in detail,
a sacrificial substrate (not shown) may be used during prepa-
ration of the substrate 101 (S110). That is, the preparation of
the substrate 101 may be carried out by laminating a flexible
material on the sacrificial substrate (not shown). In this case,
the method for manufacturing the flexible display device
further includes removing the sacrificial substrate (not
shown) after formation of the sealing layer 130 (S160), and
before bending the bending area BA of the substrate 101
(S170).

A method for manufacturing the flexible display device
according to the second embodiment will be described with
reference to FIG. 17.

FIG. 17 is a flowchart illustrating the method for manufac-
turing the flexible display device according to the second
embodiment.

As shown in FIG. 17, the method for manufacturing the
flexible display device according to the second embodiment
further forms at least one second bending hole BH2 during
formation of the pad hole (S148"). The other portions are the
same as the first embodiment described above. An overlap-
ping description thereof is thus omitted below.

Referring to FIGS. 7 and 8, the second bending hole BH2
passes through the protective film 105 and the anti-etching
layer 106, and exposes a part of the substrate 101 in the
periphery of the link LK in the first bending hole BH1.

The further addition of the second bending hole BH2
enables further removal of the protective film 105 and the
anti-etching layer 106 disposed in the periphery of the link
LK in the bending area BA, further reduction of the bending
stress factor and improvement in reliability and yield of the
flexible display device.

Next, referring to FIGS. 18 and 19, a method for manufac-
turing the flexible display device according to the third
embodiment of the present invention and the flexible display
device manufactured by the method will be described.

FIG. 18 is a flowchart illustrating a method for manufac-
turing the flexible display device according to the third
embodiment of the present invention. FIG. 19 is a view illus-
trating a process for forming the pre-bending hole of FIG. 18.

As shown in FIG. 18, the method for manufacturing the
flexible display device according to the third embodiment of

25

30

35

40

45

14

the present invention further includes forming the pre-bend-
ing hole (pre_BH1) before formation of the active layer
(S1400). The other portions are the same as the first embodi-
ment described above. An overlapping description thereof is
thus omitted below.

As shown in FIG. 19, after formation of the buffer layer 102
(S130 of FIG. 12) and before formation of the active layer 111
(S141), a pre-bending hole pre_BH1 is formed in the bending
area BA (81400). The pre-bending hole pre_BH1 is config-
ured to pass through the buffer layer 102 such that the pre-
bending hole pre_BH1 exposes at least a part of the anti-
etching layer 106 (S1400).

When the method further includes the pre-bending hole
pre_BH1 (S1400), at the step of forming of the source hole
SH, the drain hole DH, the link hole LKH and the first bend-
ing hole BH1 (S145), the etching of the buffer film 102 which
has been carried out only for formation of the first bending
hole BH1 becomes unnecessary. consequently, it is possible
to prevent the source hole SH, the drain hole DH, and the link
hole LKH from being excessively etched while the buffer film
102 is completely patterned to form the first bending hole
BHI1. As a result, it is possible to reduce damage to the source
region 1115, the drain region 111¢ and the gate line GL by the
source hole SH, the drain hole DH and the link hole LKH,
respectively.

The flexible display device according to the embodiments
of'the present invention can reduce a width of a bezel without
reducing a width of the non-display area, since the plurality of
pads are disposed on the lower surface of the substrate by
bending the bending area. Accordingly, the display devices
have improved product values associated with aesthetics and
usability.

The flexible display device includes the first bending hole,
thus enabling removal of parts of each the buffer film, the gate
insulation film and the interlayer insulation film which cor-
respond to the bending area. As a result, it is possible to
prevent problems such as application of relatively greater
bending stress to the buffer film, the gate insulation film and
the interlayer insulation film than bending stress to the sub-
strate, when the bending area is bent, generation of cracks and
thus breakage (disconnection) of links (wiring). As a result, it
is possible to improve reliability and yield of the display
device.

In addition, the flexible display device further includes an
anti-etching layer between the substrate and the buffer film in
apart of the non-display area, that is, in a region including the
first bending hole, thus preventing the substrate from being
etched by an etching process to form the first bending hole. As
aresult, it is possible to prevent permeation of foreign matter
causing defects and thereby improve reliability and yield of
the display device.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A flexible display device comprising:

a substrate defined by a display area and a non-display area
being an outer region of the display area and including a
link area and a pad area, the substrate being formed of a
flexible material;

a plurality of gate lines and a plurality of data lines formed
in the display area on the substrate, such that the gate
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lines and the data lines cross each other to define a
plurality of pixel areas in the display area;

a plurality of pads formed in the pad area, each pad being
connected to an exterior circuit to supply a driving signal
to a signal line selected from signal lines including the
gate line or/and the data line;

a plurality of links formed in the link area, the links con-
necting the respective pads and the signal lines;

aplurality of insulation films formed over the surface of the
substrate, the insulation films insulating conductive lay-
ers from one another; and

a first bending hole formed in a bending area of the non-
display area, the first bending hole passing through at
least one of the insulation films formed between the link
and the substrate, wherein the bending area is bent such
that the pads are disposed on the back side of the surface
of the substrate.

2. The flexible display device according to claim 1, further

comprising:

an anti-etching layer formed between the substrate and the
insulation films in at least a part including the bending
area of the non-display area,

wherein at least a part of the anti-etching layer is exposed
by the first bending hole,

wherein the link directly contacts at least a part of the
anti-etching layer exposed through the first bending hole
in the bending area.

3. The flexible display device according to claim 2, further

comprising:

at least one second bending hole formed in a periphery of
each link in the first bending hole, the second bending
hole passing through at least one of the plurality of
insulation films and the anti-etching layer to expose a
part of the substrate.

4. The flexible display device according to claim 2, further

comprising:

apre-bending hole formed prior to the formation of the first
bending hole in a region corresponding to the bending
area, the pre-bending hole passing through at least one of
the plurality of insulation films in a width greater than
the first bending hole to expose the anti-etching layer,
and

wherein the first bending hole passes through at least one of
the plurality of insulation films formed in the pre-bend-
ing hole to expose the anti-etching layer.

5. The flexible display device according to claim 2,

wherein the insulation films comprise:
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a buffer film formed over the entire surface of the substrate

such that the buffer film covers the anti-etching layer;

a gate insulation film formed between the buffer film and

the gate line;

an interlayer insulation film formed between the gate insu-

lation film and the data line such that the interlayer
insulation film covers the gate line; and

a protective film formed on the interlayer insulation film

such that the protective film covers the data line,
wherein the links are formed on the interlayer insulation
film, and the pads are formed on the protective film.

6. The flexible display device according to claim 5, further
comprising:

at least one second bending hole formed in a periphery of

each link in the first bending hole, the second bending
hole passing through the protective film and the anti-
etching layer to expose a part of the substrate.

7. The flexible display device according to claim 5, further
comprising:

apre-bending hole formed prior to the formation of the first

bending hole in a region corresponding to the bending
area, the pre-bending hole passing through the buffer
film in a width greater than the first bending hole to
expose the anti-etching layer, and

wherein the first bending hole passes through the gate

insulation film and the interlayer insulation film in the
pre-bending hole to expose the anti-etching layer.

8. The flexible display device according to claim 2,
wherein the first bending hole is further formed in the pad
area, and

the anti-etching layer is further formed in the pad area.

9. The flexible display device according to claim 2,
wherein the anti-etching layer is formed of a material having
softness higher than the insulation films and having an etch
ratio lower than the insulation films during etching to form the
first bending hole.

10. The flexible display device according to claim 2,
wherein the anti-etching layer is formed of at least one of ITO,
Mo, Ti, Cu, Ag, Au and a-Si.

11. The flexible display device according to claim 2,
wherein the anti-etching layer includes a plurality of anti-
etching patterns corresponding to the links,

the first bending hole includes a plurality of first bending

holes to expose at least a part of the respective anti-
etching patterns, and

the links contact the anti-etching patterns exposed through

the first bending holes, respectively.
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